Objectives This preliminary study was carried out to determine the allele frequencies and forensic efficiency parameters for the short tandem repeat loci CSF1PO, TPOX, THO1, D16S539, D7S820, D13S317, vWA, FESFPS and F13B in a test sample population of Sri Lankans.
Introduction
The application of DNA fingerprinting in laboratory medicine is increasing, with uses in paternity/maternity testing, human identification in forensic/criminal case work, validation of genetic disease diagnosis and genetic mapping [1, 2, 3, 4, 5] . In the clinical laboratory, most DNA typing applications have legal and ethical implications and, therefore, there is a particular need for tests that have high reliability and diagnostic efficiency.
The most widely used methodology for DNA typing is polymerase chain reaction (PCR) analysis of various short tandem repeat (STR) loci [6] . STRs are highly polymorphic loci containing tandemly repeated sequences of 2-7 bp in length, and are abundant in the human genome. Using PCR, STRs can be typed with a high degree of specificity and sensitivity, and genotyping based on these regions is widely used in human identification and parentage testing [7] .
STR polymorphisms in Sri Lanka: evaluation of forensic utility in identification of individuals and parentage testing
The true power of DNA testing for the identification of individuals and estimation of allele frequencies for parentage testing lies in polymorphism at the individual loci and the number of loci tested. In order to estimate multilocus genotype frequencies in this manner, both the alleles at each locus and the alleles among loci must be inherited independently. These conditions of independence must hold true for a population in order to apply individual allele frequencies to produce a composite estimate. Therefore, it is important that any laboratory using STR profiles for parentage testing or forensic practice validates the STR markers by analysing these statistical parameters using a database. STR population genetic databases have been constructed worldwide as a basis for calculating probabilities of a DNA match in the relevant population.
Objectives
The objective of this study was to determine allele frequencies and forensic efficiency parameters of the STRs: CSF1PO, TPOX, THO1, D16S539, D7S820, D13S317, vWA, FESFPS and F13B in a sample population of Sri Lankans with a view to establishing a national DNA databank. The characteristics of the above STRs are given in Table 1 . These STR markers were chosen on the basis of their heterozygosity and validated use as forensic markers in other laboratories, and availability of population data for comparison [7] . A previous study has shown that the STR markers described above are highly polymorphic in a randomly selected cohort of Sri Lankans [8] . The importance of a national DNA databank is to assist Sri Lankan investigators in the identification of individuals. A genetic profile of a validated battery of STR markers can be effective for individualisation in a variety of identity testing situations. In this study, the estimation of forensic Papers efficiency parameters is based primarily on the National Research Council (NRC) Report (1996) , "The Evaluation of Forensic DNA Evidence", whose recommendations for such computations are becoming standard [7] .
Methods
Test samples: venous blood samples were taken, after obtaining informed written consent, from 305 unrelated Sri Lankan individuals during the period [2002] [2003] [2004] [2005] [2006] . The number of individuals typed using each of the nine STR loci comprised of: CSF1PO=303; TPOX=305; THO1=305; D16S539=293; D7S820=299; D13S317=299; vWA=297; F13B=299; FESFPS= 299. Test samples consisted of subjects requesting paternity tests and criminal/forensic specimens that were referred by the magistrate/high courts and forensic officials respectively, to the Molecular Medicine Unit, Faculty of Medicine, University of Kelaniya, as well as randomly selected individuals. STR profile data of related individuals (in disputed paternity cases and relations of victims in the case of criminal case work) were excluded from the database for the purpose of computing allele frequencies and forensic efficiency parameters, in order to remove bias. The study subjects originated from all 9 provinces of Sri Lanka and comprised of individuals from all ethnic backgrounds; 80% were Sinhalese.
DNA extraction and STR analysis:
DNA extractions were performed from whole blood using chelex-100 [9] . PCR amplification was performed in a 9700 GeneAmp PCR system (Perkin Elmer, USA) using locus specific primers and reagents provided in the GenePrint STR system kit (Promega Corp. Madison, WI, USA) according to the technical manual [10] . The 9 loci were amplified in two triplex PCR systems representing the CTT (CSF1PO, TPOX and THO1) loci, the SILVER III (D16S539, D7S820 and D13S317) loci and three independent assays for vWA, FESFPS and F13B loci. For each batch of PCR analysis, positive controls supplied by Promega Corp., USA (K562) and negative controls (no DNA) were employed. The amplified products were separated in 6% denaturing polyacrylamide gels and visualised by silver staining [11] . The alleles were assigned by comparison with appropriate allelic ladders according to the standard nomenclature [12] . The final DNA profiles were analysed using PowerStats software version 12 (Promega Corp., Madison, WI, USA) for allele frequencies [13] , homozygosity, heterozygosity, forensic efficiency parameters [matching probability (MP) [14] , power of discrimination (PD) [15] , and polymorphic information content (PIC) [16] ] and paternity indices [power of exclusion (PE) [14] and typical paternity index (TPI) [14] ]. Possible divergence from Hardy-Weinberg Equilibrium (HWE) was tested using the chi-square test [17] . When the chi-square test was applied, alleles were pooled so that each allelic event could be under the "rule of five" [18] . For the exact test, alleles were also pooled with adjacent alleles in all loci, so that no alleles would have less than 5 events [19] . To estimate the probability of the exact test, we used the PEPI404X software (Sagebrush Press, 225, 10th Avenue, Salt Lake City, Utah 84103-2529, USA; www.sagebrushpress.com). A computerised integrated database with all the genotypic and allelic information was created for this data. MP: matching probability, PD: power of discrimination, PIC: polymorphic information content, PE: power of exclusion, TPI: typical paternity index. Alleles are identified by number of repeats. Alleles not detected in the sample population are given in parenthesis and rare alleles observed in the human population are denoted by **.
Results
The allele frequencies of the nine STRs obtained with this system in 305 unrelated Sri Lankan subjects are given in Table 2 . As a rule of thumb, the higher the number of alleles at a locus, the higher the potential number of heterozygotes, and thus the more powerful this system can be for resolving small differences in the distribution of allele frequencies in populations [13] . In our study, up to several alleles in the allelic ladders were observed for each locus, but only few were relatively common; other alleles were rare, thus contributing little to heterozygosity. Further, none of the alleles in the 9 STR loci exceeded 50% frequency, reflecting the usefulness and validity of these loci in calculating paternity indices and discriminating individuals [13] . However, relatively high allele frequencies were shown by locus CSF1PO for allele 12 (41.1%), TPOX locus for allele 11 (43.3%), and F13B locus for allele 10 (42.3%), indicating relatively low power of discrimination for these loci. The most frequent alleles were 12 and 11 of CSF1PO, 11 and 8 of TPOX, 9 and 6 of THO1, 11 and 12 of D16S539, 8 and 11 of D7S820, 8 and 12 of D13S317, 11 and 12 of FESFPS, 17 and 16 of vWA, and 10 and 9 for F13B. Of the rare alleles in the human population (Table 1) , only 9.3 of THO1 was present in this study population and exhibited an allele frequency of 13.3%. The most common genotypes for the 9 STR loci shown by individuals of this study are given in Table 3 . A comparison was also made (Genetic Identity Population Data, www.promega.com) between the allele frequencies observed in this study, with those of other major populations that have been studied (Caucasian American, African American, Chinese, Hispanic American), and a broad agreement was observed for the most common alleles (data not shown).
The common forensic efficiency parameters useful for application of the nine STR markers to forensic and paternity tests are given in Table 2 : matching probability (MP), power of discrimination (PD), polymorphic information content (PIC), paternity statistics [power of exclusion (PE), typical paternity index (TPI), and allele information (homozygotes, heterozygotes). The high level of heterozygosity observed for this 9 STR system is an indication that the Sri Lankan population has a high level of genetic variation, and this could be successfully utilised in discriminating between individuals (Table 2) .
For forensic purposes, HWE conformity is desired in the estimation of statistical parameters, as the calculations rely heavily on the condition of random genetic assortment. The estimated allelic distribution for all 9 STR loci studied here did not deviate from the HWE proportions based on chi-square or exact tests after the grouping of alleles, so that all the grouped alleles had more than 5 events (Table 2 ).
Discussion
In this study, we examined a panel of 9 STR loci in a sample population of Sri Lankans and estimated the allele and genotype frequencies for each, in order to evaluate the usefulness of this system in cases of forensic investigation and paternity testing. Statistical parameters such as the observed and expected homozygosity values, the polymorphic information content (PIC), the power of discrimination (PD), and the matching probability (MP), which are important in applying DNA typing methods for identity testing demonstrated the usefulness of this system in forensic practice. PIC values >0.5 for all 9 STR loci (range 0.630 -0.790) indicate that the analysed system is informative and useful for identification purposes. The typical paternity index (TPI) which is assigned to a particular locus shows values TPI>1, indicative of relatedness (range 1.5-3.05). Further, this can be expressed as the combined TPI for all loci of the system, and for this study the combined TPI was calculated to be 1,146.1. Another parameter used to evaluate the strength of a locus to exclude falsely accused individuals is the power of paternity exclusion (PE). It represents the percentage of individuals in the relevant population who would not share the same DNA profile presented in a paternity case [14] . The higher the PE value, the more non-fathers are excluded. The high power of exclusion (PE) values and the typical paternity index (TPI) values of the 9 STR loci indicate the diagnostic potential for paternity testing, and these results are indicative of practically conclusive results using this method. The combined matching probability (MP) of the 9 STR system was 3.6710 -10 , indicating that the system has a much stronger inter-individual discrimination power. The 9 loci showed a combined power of discrimination (PD) of 1-3.6710 -10 (0.999999). Practically, this degree of MP and PD means that no other individual with the same profile for all 9 loci could exist in Sri Lanka, as these two parameters express the probability of two random DNA profiles matching at the loci tested: MP expressed as 1 in … individuals for 9 STR loci is ~ 3 billion (2,777,777,777) vs a population of over 18 million in the country.
The D13S317, vWA and D7S820 loci are the most polymorphic and informative loci of the system studied, with the highest observed PE, PD, PIC and TPI values. Further, as Table 1 shows, the other loci in the silver III system and THO1 locus of the CTT system can also be particularly useful in discriminating individuals. These observations are in agreement with previous reports which have confirmed these STR loci to be particularly useful in paternity testing and the individualisation of biological evidence, among the routinely used STRs [20] . The STR loci TPOX and F13B recorded the lowest values for forensic efficiency parameters and paternity indices, indicating that these markers are of lesser value in medical forensic practice.
Conclusions
Results of this preliminary study indicate that the alleles in this 9 STR loci system are in conformity with the Hardy-Weinberg Equilibrium. The loci are also highly polymorphic and discriminating, permitting the 9 STR loci system to be used in human identification and parentage testing for legal purposes in Sri Lanka. The vWA and Silver III systems have been confirmed as particularly useful in paternity testing and individualisation of biological evidence. The present database, therefore, validates the use of the 9 STR loci for forensic applications.
